ABSTRACT.-The rapid growth of coyote (Canis latrans) populations in Illinois since 1980 prompted a need for current demographic data to be used in population models for management. From 1994 to 1997 we examined 977 coyotes harvested by hunters and trappers throughout the state and compiled data on age structure, sex ratios, reproductive rates and physical condition. Statewide, 55% of harvested coyotes were juveniles, 20% were yearlings and 25% adults. The sex ratio did not differ from unity among juveniles and yearlings, but was skewed towards males in the adult class. The number of harvested animals decreased by 45-60% between successive classes from 0.5 through 2.5 y old, then by 30-40% through 9.5 y old. Statewide, 57% of females bred and breeders averaged 4.9 placental scars. Males were larger than females, averaging 14.1 and 12.1 kg whole body mass, respectively. Kidney fat reserves were highest in juveniles and adult females and lowest in yearlings. Femur marrow fat was generally high and did not differ among age-classes. Ovulating females were heavier than nonovulators among juveniles and yearlings. We found that coyotes in Illinois are in good physical condition with high winter fat reserves and reproductive rates. However, reproductive rates are lower than they were in 1978-1979 when the population was rapidly expanding in the state.
INTRODUCTION
Knowledge of coyote (Canis latrans) ecology and demographics is important because they are the largest native predator in most of the eastern U.S., provide recreation and economic opportunities for hunters and trappers and can be a nuisance species. Consequently, a large body of scientific research has accumulated on the species' ecology, behavior and demographics (Gier, 1968; Knowlton, 1972; Bekoff, 1982; Andelt, 1985) .
In Illinois, coyote densities were low through the 1960s and until 1973 there was no state statute regarding their harvest. However, during the 1970s the population began to grow rapidly in the state. In the mid-1970s about 3000 coyotes were harvested annually, but by the 1980s annual harvests exceeded 10,000 and the resident population was estimated at 20,000-30,000 (Hoffmeister, 1989) . Increasing harvests and nuisance complaints prompted the Illinois Department of Natural Resources (IDNR) to develop population models to aid in coyote management. However, limited demographic analyses were available for coyotes in the midwestern U.S. and none for Illinois. We conducted this study to provide these data. Our objectives were to: (1) estimate the age-structures and sex ratios of harvested coyotes in Illinois, (2) assess age-specific reproductive rates and (3) evaluate the relationships among age, physical condition and reproductive rates of female coyotes in Illinois.
METHODS
Coyote carcasses were collected from December to March each year from 1994 to 1997. Fur buyers and hunters throughout Illinois provided carcasses. For each coyote, we recorded the county, date, method of harvest, sex, body length (tip of nose to tip of tail) and skinned body mass. We extracted lower canines for aging. Teeth were initially x-rayed to separate juveniles from adults based on the width of the pulp cavity (Kuehn and Berg, 1983) . Teeth from adults were sent to Matson's Laboratory (Milltown, MT) where age was estimated using cementum annuli (Linhart and Knowlton, 1967) . In Illinois, most coyotes are born in April (Hoffmeister, 1989) . Consequently, the juveniles in our sample were 8-11 mo old, yearlings were 20-23 mo old and adults were .32 mo of age.
The physical condition of each coyote was estimated by measuring three indices of body fat: kidney fat index (KFI; Riney, 1955) , femur marrow fat (FMF; Huot et al., 1995) and kidney-femur fat index (KFFI). We dried FMF samples, weighed them to the nearest 0.1 mg and the lipids were extracted using petroleum ether and a Soxhlet apparatus (SawickaKapusta, 1975; Dobush et al., 1985) . Percent marrow fat was calculated by dividing the dry weight of marrow after ether extraction by the dry weight before extraction and subtracting this ratio from 1. The KFFI was calculated as the sum of KFI and FMF .
We estimated the percentage of females breeding in each age-class and the mean fetal rate from the number of placental scars from the previous breeding season (Gier, 1968) . Only dark scars of similar color were counted; those that were markedly lighter were considered to be from previous litters or reabsorbed fetuses (Kennely, 1978) . We preserved ovaries in 10% formalin for !48 h and then each was sectioned to count corpora lutea (CL). The presence or absence of CL was used to categorize females as ovulators or non-ovulators (Gipson et al., 1975) .
For analyses, we assigned each coyote to the northern, central or southern region of the state based on the county in which it was harvested (Fig. 1) . We used the non-parametric FIG. 1.-Number and percentage of coyotes in sample harvested from northern, central and southern Illinois, 1994 Illinois, -1997 binomial test to determine whether the observed sex ratios of coyotes differed from unity (Sokal and Rohlf, 1995) . We conducted chi-square contingency tests to determine whether sex ratios or age-structures differed among regions. One-way analysis of variance (ANOVA) was used to test for differences in mass and fat levels among age classes. Differences in the mean number of placental scars in breeding females in each age class were tested using ANOVA. We conducted two sample t-tests to determine whether weight or fat indices differed between breeding and non-breeding females. To investigate whether condition indices changed during the winter, we conducted bivariate correlations to test the relationships among body mass, KFI and harvest date for coyotes in each age-class. All tests were assessed at a ¼ 0.05.
RESULTS
We collected 977 coyotes to evaluate during this study (Table 1 ). The sample was fairly evenly distributed among the three regions of the state (Fig. 1) . Overall, 64% of the sample was harvested by hunters and 33% by trappers; 3% were harvested by unknown means.
Sex ratios and age-structures.-The overall sex ratio differed significantly from unity (P ¼ 0.047), but did not differ among years (v 2 ¼ 1.95; P ¼ 0.378) or regions (v 2 ¼ 2.99; P ¼ 0.224). Sex ratios differed significantly among age-classes (v 2 ¼ 8.34; P ¼ 0.015). Females composed 49% of the juvenile age-class, 51% of yearlings, but only 39% of adults (Table 1) . Males predominated among adults harvested by hunters (60%) and among adults taken by trappers (65%).
Coyotes ranged in age from 0.5 to 13.5 y, with a median of 0.5 y (Fig. 2) . The age-structure of the sample was 55% juveniles, 20% yearlings and 25% adults (Table 1) . Adult males made up 15% and adult females 10% of the sample. However, age-structure differed significantly among regions of the state (v 2 ¼ 22.1; P , 0.001). Juveniles composed 63% of the sample in the northern region, but only 46% in the south. In turn, a smaller proportion of the sample was adults in northern (20%) than in southern Illinois (30%). Juveniles were more common among trapped coyotes (58%) than among hunted coyotes (52%; v 2 ¼ 6.0; P ¼ 0.049). The number of harvested animals decreased by 45-60% between successive age classes from 0.5 to 3.5 y old, then by 30-40% each year to 8.5 y old (Fig. 2) .
Female reproduction.-The percentage of females that bred differed significantly among ageclasses (v 2 ¼ 30.2; P , 0.001). Statewide, 88% of adult females bred, as did 56% of yearlings and 44% of juveniles (Table 2) . Among breeding females, fetal rates differed among ageclasses (F ¼ 8.34; P , 0.0004). Adult females averaged 5.9 placental scars/breeding female, whereas yearlings and juveniles averaged 5.1 and 4.0 scars, respectively (Table 2 ). Neither the percentage of females breeding nor fetal rates differed among regions for any age-class (F ¼ 0.07-0.74; P ¼ 0.48-0.94).
Based on the presence of CL, 46% of all females ovulated, including 85% of adults, 51% of yearlings and 28% of juveniles. These percentages are somewhat lower than the percentage of breeders based on placental scars because some females harvested in early winter had yet to ovulate. Juvenile coyotes that ovulated weighed more than those that did not (X skinned mass ¼ 11.0 kg vs. 9.2 kg; t ¼ 2.69; P ¼ 0.008) and ovulating yearlings weighed more than nonovulators (X ¼ 10.9 kg vs. 9.4 kg; t ¼ 2.38; P ¼ 0.023). KFI did not differ between ovulating and non-ovulating juveniles (t ¼ 1.42; P ¼ 0. (Table 3) . Whole body weights of males averaged 14.1 kg (SE ¼ 0.2) and females averaged 12.1 kg (SE ¼ 0.2). The largest individual was a 4.5 y old female weighing 22.3 kg. Generally, body mass was similar for coyotes in each region, but adult females were heavier in central Illinois (F ¼ 4.17; P ¼ 0.02), as were yearling males (F ¼ 4.84; P ¼ 0.01). The linear regression for skinned mass and whole mass calculated for a sample of 15 adult males and 20 adult females from central Illinois that had been weighed, skinned and re-weighed was:
Whole mass = 1.20 (skinned mass) + 0.35; r 2 = 0.970, P , 0.001
Males were also longer than females; the mean length of males was 121.3 cm (SE ¼ 0.4) vs. 117.3 cm (SE ¼ 0.4) for females (F ¼ 81.20; P ¼ 0.0001; Table 3 ). Fat levels varied among individuals and among classes, but were generally high for most coyotes. KFI values were significantly lower in yearlings than in other classes (Table 3 ). KFI's of adult females and juveniles of both sexes were highest, averaging 56%, whereas yearlings averaged only 41%. Few individuals had KFI's less than 30%. There was no interaction of age class and region on KFI values (F ¼ 1.04; P ¼ 0.41). Marrow fat concentrations were high and did not differ between males and females, averaging 86.0% and 87.8%, respectively (t ¼ 1.14; P ¼ 0.26). No significant difference was found in FMF levels among coyotes in the three regions of the state; coyotes in southern Illinois averaged 85.6%, whereas those in the central and northern regions averaged 88.1% and 87.4%, respectively. The poorest condition observed was for an emaciated yearling male with mange that had only 16.7% FMF and no visible kidney or tail fat.
KFI and skinned body mass were weakly correlated (r ¼ 0.341; P ¼ 0.015), as were FMF and skinned mass (r ¼ 0.452; P ¼ 0.045). We did not find significant correlations between skinned mass and KFFI (r ¼ 0.134; P ¼ 0.871) or between KFI and FMF (r ¼ 0.327; P ¼ 0.265). Juvenile coyotes (r ¼À0.546; P , 0.001) tended to lose mass as winter progressed, but yearlings (r ¼ À0.395; P ¼ 0.112) and adults (r ¼ À0.285; P ¼ 0.376) maintained mass through winter. We found no correlations between KFI or FMF and date of harvest for any age-class, suggesting that these fat indices did not decline through the winter.
DISCUSSION
Sex ratios and age-structure.-There is no consensus among researchers on what sex ratios indicate about the dynamics of coyote populations or the relative vulnerability of either sex to harvest. The overall sex ratio in our sample differed significantly from 1:1 with males predominating in the adult class. Juvenile and yearling classes showed balanced ratios. Balanced adult sex ratios appear to be typical in unexploited and lightly harvested coyote populations (Todd et al., 1981; Gese et al., 1989; Windberg, 1995) . However, in more heavily exploited populations adult males sometimes predominate in the harvest, perhaps because males generally are more active and vulnerable (Andrews and Boggess, 1978; Moore and Millar, 1984) . Hubert (1978 Hubert ( , 1979 reported that males comprised 55.6% of 417 coyotes harvested in Illinois during 1977-1979 when the population was rapidly growing statewide. Andrews and Boggess (1978) reported a preponderance of males (53.2%) among harvested coyotes in Iowa and hypothesized that females were less vulnerable to harvest; they also speculated that females may die younger due to higher costs of reproduction throughout their lifetimes. It is not clear whether the adult sex ratio in our sample was skewed towards males due to their predominance in the population or higher vulnerability to harvest. However, because the sex ratios of juveniles and yearlings appear to be balanced and there is no direct evidence suggesting that adult females experience higher rates of natural mortality, we suggest that adult males are more vulnerable to trapping and hunting.
Reported age-structures for coyote populations throughout North America have varied considerably. A series of studies suggested that approximately half of the coyotes in Texas were juveniles (Knowlton, 1972) . In Alberta, 55% of harvested coyotes were juveniles, 28% yearlings and 17% adults (Todd et al., 1981) . In contrast, only 34% of a lightly exploited population in Texas were juveniles (Windberg, 1995) . This low percentage of juveniles resulted from low adult mortality, high population density and low recruitment. Comparisons of age structures based on harvests can be confounded by potential biases in collection methods. Juveniles may be over-represented in harvested samples because they are less wary of hunters and traps (Wetmore et al., 1970) . However, others have found adults and juveniles to be equally vulnerable to trapping and hunting (Windberg et al., 1985) . We found juveniles were more common in our trapped subsample, but Todd (1985) found the proportion of juveniles to be higher in hunted samples. Consequently, it is not clear whether juveniles compose a bigger segment of the population in northern and central Illinois or they simply compose a larger proportion of the harvest in these regions where trapping was more common. Generally, the age structure of harvested coyotes in Illinois appears to be similar to exploited populations in other regions.
Female reproduction.-Reproductive rates of coyotes are influenced by interactions among population density, social structure, food availability and extent of human exploitation (Windberg et al., 1997; Crabtree and Sheldon, 1999) . Coyotes are capable of breeding in their first year, but the proportion that do so is highly variable (Knowlton, 1972; Chambers, 1992) . Gier (1968) related this variability to food supplies, noting that ,10% of juveniles breed some years in Kansas, but 70% may breed when rodents are abundant. Levels of harvest also may influence reproduction. High harvest rates may disrupt social hierarchies and prevent socially-mediated breeding suppression leading to increased breeding by juveniles and yearlings (Crabtree and Sheldon, 1999) . Generally, only territory holders reproduce successfully (Crabtree, 1989) and unexploited populations tend to have more solitary individuals without opportunities to breed. However, high levels of exploitation remove territory holders allowing more females to breed than would otherwise. We speculate that relatively high levels of exploitation and food availability in Illinois contribute to high reproductive rates among coyotes of all ages.
Coyotes in Illinois have reproductive rates similar to those of other populations in the eastern U.S., but somewhat higher than those in the west. The reasons for regional differences are not clear, but Chambers (1992) speculated it may be due to lower coyote densities and the density-limiting effects of urbanization and human density in the east. Our results are consistent with previous studies that show the proportion of females breeding generally increases from juveniles to the adult age class. In Illinois, 44%, 56% and 88% of pups, yearlings and adults bred compared to Quebec where 35%, 47% and 83% of these classes bred, respectively (Chambers, 1992) .
Fetal rates increased with age among Illinois coyotes and we found no evidence of reproductive senescence in older females. The two oldest females examined (8.5 and 13.5 y old) had ovulated and each had 8 placental scars from the previous breeding season. However, placental scar counts may overestimate actual litter sizes at birth. Knowlton (1972) reported that the mean number of placental scars in Texas populations ranged from 4.8 to 6.6 with 80-93% of these representing viable fetuses. Others have compared the number of placental scars with litter size at birth and found them to be similar (Gier, 1968; Nellis and Keith, 1976; Todd and Keith, 1983; Gese et al., 1989) .
Although social status is a critical factor controlling female reproduction, fat reserves and physical condition also may influence reproductive rates. In Alberta, pregnancy rates and litter sizes declined with snowshoe hare (Lepus americanus) abundance (Todd and Keith, 1983; Todd, 1985) . Windberg (1995) examined body weights of yearlings that ovulated versus those that did not and found that the latter weighed less. Poulle et al. (1995) demonstrated that reproductive females tended to have larger fat reserves than non-reproductive ones, but this difference was not statistically significant in a small sample of coyotes from Quebec. We could not know the social status of females in our sample, but we did find positive relationships between body size and sexual maturity. Ovulating juveniles and yearlings were heavier than non-ovulators in our sample. It appears that females in Illinois may need to reach a minimum whole body mass of approximately 13 kg by winter to be sexually mature. As Poulle et al. (1995) found, we noted a tendency for ovulating adults to have higher KFI values than non-ovulators, although this difference was not statistically significant.
A common assumption in coyote management is that reproduction increases as the density of coyotes is reduced (Anderson et al., 2001) . Knowlton (1972) reported that litter size and density were inversely related and heavily exploited populations produced larger litters. Currently, litters are smaller in Illinois than they were in the 1970s when the population was growing rapidly. Hubert (1978 Hubert ( , 1979 reported an average of 6.8 placental scars/breeding female during that period, suggesting that litters may have been 30-40% larger than current litters.
Reproductive rates also are influenced by the social structure and age structure of a coyote population. Crabtree and Sheldon (1999) reviewed the results of 11 long-term studies and concluded that litter size in many populations appears to be unaffected by density. In unexploited populations, females reach alpha status and initiate reproduction at 2-5 y of age, yearlings rarely reproduce and subordinate older females may ovulate and implant but not successfully whelp. Social suppression can limit reproduction; consequently, apparent reproductive rates based on placental scar counts from females of unknown social status may over-estimate actual reproductive rates (Knowlton et al., 1986) . Crabtree and Sheldon (1999) described three types of coyote populations based on the level of exploitation: un-or lightly exploited populations are characterized by very low rates of reproduction by yearlings, low pup survival and an average adult age of 3-4 y; in moderately exploited populations, some yearlings breed, pup survival is 50-90% and adults average 2 y old; in highly exploited populations, many yearlings breed, pup survival is 70-90% and yearlings are .50% of adults. Based on these criteria, the demographics of Illinois' coyotes are typical of moderate to highly exploited populations.
Body size and physical condition.-Coyotes tend to increase in size from the southwest to the northeastern U.S. Coyotes in Illinois are comparable in size to those in other midwestern states, but slightly smaller than coyotes in New England and Canada (Gier, 1968; Andrews and Boggess, 1978; Dumond and Villard, 2000) . We expected that body size might show a positive latitudinal gradient in Illinois, but this was not the case. Furthermore, body masses were unchanged from those reported by Hubert (1978 Hubert ( , 1979 20 y ago.
Fat reserves in coyotes fluctuate seasonally and annually due to changes in food availability and/or seasonal metabolism. Monitoring these changes can provide biologists with a better understanding of energetics and allow for comparisons within and among populations, particularly as these relate to survival and reproductive success . Huot et al. (1995) evaluated several indices for assessing the body composition of coyotes and concluded that body mass (whole or skinned) was a good indicator of total protein and KFI, FMF and KFFI were good indicators of total fat reserves. We concur with their recommendation that a combination of these indices be used to provide estimates of body composition.
Limited information is available concerning the dynamics of fat deposition in coyotes or its influence on population dynamics. Dumond and Villard (2000) noted that some studies showed progressive declines in fat reserves through winter, but others reported no changes. For example, Todd and Keith (1983) and Windberg et al. (1991) found that fat levels decreased during winter. But, coyotes in Quebec nearly doubled their fat from summer through fall, remained stable through winter, then decreased from winter to summer . These varied responses probably reflect regional differences in diet and food availability. Where snow and harsh winter conditions increase the vulnerability of ungulates to predation and the availability of carcasses, coyotes can maintain or improve their condition over winter. However, where coyotes are dependent on small mammals, they tend to lose mass during winter. Todd (1985) found that coyotes occupying agricultural areas where carrion provided an important dietary supplement maintained higher fat levels through the winter than those occupying forests during a period of low prey availability. In Illinois, yearlings and adults have adequate winter diets to maintain body weight and fat reserves. Only juveniles lost weight through the winter, yet most of these maintained some visible fat deposits even in late winter.
Fat deposits in coyotes may be metabolized sequentially with subcutaneous, visceral and kidney fat used first and marrow fat used after these others are depleted, a pattern previously described for gray wolves (Canis lupus) and ungulates (Ransom, 1965; Mech and Delgiudice, 1985) . LaJeunesse and Peterson (1993) found that FMF decreased in wolves only after kidney fat levels were ,20%. This is consistent with our observations that FMF levels were consistently high in most coyotes and low only in those individuals with low KFI values. As such, FMF tends to be low only in those individuals in very poor condition and both KFI and FMF are needed to quantify the full range of physical condition. Many of the carcasses that we examined had been skinned, so subcutaneous fat deposits could not be measured. However, intact carcasses generally had moderate levels of subcutaneous and visceral fat. Yearlings tended to have the least visible fat and the lowest KFIs, perhaps because they are more likely to be transients and individuals with low social status, which may limit the quality of foraging habitat available to them (Windberg, 1995) .
We found that Illinois' coyotes are generally in good physical condition with high winter fat reserves and reproductive rates. Reproductive rates based on placental scar counts appear be lower than they were 20 y ago when the population was rapidly expanding which suggests a compensatory reproductive response to higher densities. KFI values were generally above 40, FMF generally exceeded 80% and body weights and fat reserves appeared to be sustained through the winter. Adult females with more kidney fat tended to ovulate early, suggesting that KFI is a useful indicator of physical condition. However, FMF does not appear to be a useful index for monitoring condition in Illinois given the consistently high levels exhibited by most coyotes. We found few demographic differences among coyotes in northern, central and southern Illinois and suggest that developing separate regional population models for coyotes in the state is not necessary.
